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(57) Abstract 

It is described an image 
rejection, sub-harmonic frequency 
converter, realized in microstrip, 
particularly adapted to be used in 
mobile communication equipment 
The converter avails of two 
identical sub-harmonic mixers 
employing each one or two pairs 
of diodes in antiparallel, obtained 
on a same silica substrate, and of 
a structure of hybrids performing 
appropriate phase combination 
adapted to suppress the image 
band in the converted signal. 
The mixers include filtering 
structures preferably consisting, 
but no limited to the same, 
of stubs A/4 long, at the local 
oscillator frequency, having a 
free end, in short or open circuit, 
respectively. According to an 
alternative embodiment, said stubs 
are replaced by appropriate filters 
implemented widi concentrated 
structures (L and C) performing 
the same transfer function of 
the stubs in microstrip. The 
sub-harmonic converter and a 

traditional converter can be jointly employed in a terminal mobile equipment operating in 
DCS 1800) sharing a unique 900 MHz local oscillator. 
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"IMAGE REJECTION SUB-HARMONIC FREQUENCY CONVERTER REALIZED 
IN MICROSTRIP, PARTICULARLY ADAPTED TO BE USED IN MOBILE 
COMMUNICATION EQUIPMENTS" 

5 

FIELD OF THE INVENTION 
The present invention relates to the field of equipment for 
telecommunications where a frequency conversion of signals transmitted, or 
received is required, and more in particular to an image rejection sub-harmonic 

10 frequency converter realized in microstrip. particularly adapted to be used in 
mobile communication equipment. 

BACKGROUND ART 
The conversion around a desired frequency is known to be obtained 
through "multiplication" of a signal occupying a useful band to beconverted and 

15 a sinusoidal signal of local oscillator OL at foL frequency duly determined. The 
multiplication is made allowing the two signals to reach the ends of one or more 
non-linear devices, called mixers, such as for instance Schottky diodes, and 
drawing the desired conversion products from the same. From the analytical 
point of view, the non-linear conductance of the diodes can be developed in 

20 series of powers of values of the input current. Considering at the beginning 
said current as a superimpositlon of a pair of sinusoidal components of fot and 
fRF frequencies, in the case of conversion "in descent", or of fou fiF frequencies, 
in the case of conversion "in ascent", it shall be obtained on the load, in addition 
to the input components, also new components generated by the diodes 

25 themselves at frequencies expressed by all possible combinations of two integer 
numbers m. n independent between them, mfot ± nfRF in the first case, or 
mfoL ± nfiF in the second case, respectively. The extension to the cases in which 
the current of the diodes includes all the components belonging to the whole 
band of RF and IF signals is immediate. 

30 As it can be noticed in both the cases, the converted signal includes, in 

addition to the desired useful signal (in general obtained through m = n = 1), an 
infinite quantity of mfot terms and of relevant conversion products of growing 
order that result symmetrically arranged, due to the sign ±. around the mfoL 
frequencies. 
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In the case of transmission it is essential to filter the conversion products 
placed outside the useful band since the same represent out-of-band spurious 
emissions, severely prohibited by the international regulations. In microwave 
applications, only one of the two side bands is generally transmitted to the 

5 double purpose of saving transmission power and reduce the band occupation. 
The other band, called image, being symmetrical versus the frequency mfot, is 
usually suppressed like the signal of local oscillator at the frequency mfot that is / 
suppressed for the same reasons. It is of particular importance that one part at 
least of said suppression occurs before the converted signal enters the power 

10 amplification stages placed downstream the conversion stage (generally 
capable to equitably process both the side bands), to avoid linearity losses in 
the operation of the mixers and distortions caused by saturation of the power 
terminals. 

As for reception, the signal IF at intermediate frequency is generated by 
15 the superimposition of the conversion products of the useful and image band of 
the RF signal. In the very frequent case in which the RF signal consists of a 
plurality of adjacent channels transmitted to unique side band, the conversion 
at intermediate frequency of ttie image band is an undesired effect, so that it is 
necessary to eliminate the image band through appropriate radiofrequency band 
20 pass filtering before the conversion. So, it is attained the purpose to avoid that 
the signal, or the noise present in the image band, are they too converted in the 
intermediate frequency band, causing superimposition or easing the worsening 
of the receiver characteristics. 

The converters mentioned above belong to a first type, called "double side 
25 band" and according to what said above they require a radiofrequency image 
filter whose realization is always complex, if one wants to maintain the useful 
signal unchanged, due to the closeness existing in all the embodiments of 
transceivers, between the two mfoL and fRP. frequencies, both much higher than 
the f,F. 

30 Concerning the problem of the suppression of the components at 

frequency mfoL generated by the mixer, a first possible method is that to extend 
the rejection band of the image filter up to including again the relevant mfot 
frequency components. However, should the mixer belong to a mo-demodulator 
of the orthogonal type (I, Q), perfonning the direct conversic.i from base band to 

35 radiofrequency. and vice versa, this approach is no more possible to be 
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actualised since the image band does not exist and the mfot component is at 
band centre of the RF signal. 

A second known method to suppress the mfot frequency components 
generated by the mixer, valid also for mo-demodulators, is to use two mixers. 

5 instead of one, and a balun to combine in counterphase the above mentioned 
components of each mixer. The main drawback of this solution is the difficult 
realization of a broad band operating balun. particularly at the highest 
frequencies; the maximum rejection that can be obtained is 30 dB approximately 
on 10% relative bands. 

10 A third method, also known, to suppress the mfot frequency components 

' generated by the mixer, is to use a simple or double balanced structure. The two 
^ configurations are respectively obtained though a pair of diodes in antiparallel, 
or through a four-diode link enabling a better balancing. The rejection degree is 
as much higher as the physical characteristics of diodes result equal among 

15 them. Through an adequate driving of the diodes in these configurations, it is 
possible for instance to obtain the global transconductance including only the 
pair harmonics of the frequency fot. In this case, conversion products are of the 
2mfoL±nfRF kind only, for the converter in descent, or 2mfoL±nfiF for the 
converter in ascent, lacking for what sad above, the terms 2mfoL in the 

20 converted signal. This means that, in the case of reception, applying a local 
oscillator signal OL at foL frequency to the balanced mixer, a signal at frequency 
2mfoL + nfRF is converted at intermediate frequency fiF with the same conversion 
losses that would be obtained with use of a non-balanced mixer driven at the 
frequency 2mfoL. Since we consider of practical interest, at least to the purposes 

25 of the invention that shall be described, only the lowest conversion order, 
obtained coinciding with m = n = 1. we can consider the above mentioned 
converters as devices able to operate a conversion with local oscillator at 
foL = %(fRF + fiF) frequency, or at halved frequency compared to that of local 
oscillators operating with the conventional converters and for this reason they 

30 are called also sub-harmonic converters. Their use involves different 
advantages, among which: 

• capability to operate at the highest frequencies with less expensive local 
oscillators, because as the frequency increases it is difficult to implement at 
low cost stable local oscillators capable to output the power required for the 
35 good operation of the mixers; 
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• a high rejection degree of the residual components at 2foL frequency in the 
converted signal, said rejection being due only to the balancing degree of the 
structure, that is by the coupling degree of the physical parameters of the 
diodes used in the mixer, rather than on the response in frequency of 

5 external networks; 

• a less difficult filtering of the components at the frequency fou» considering the 
higher distance between foL and the band of the useful signal at 
radiofrequency. 

There is a second type of frequency converters differing from the type of 
10 converters mentioned up to now. due to the fact that the converters belonging to 
the same do not require the image filter placed at the port of the radiofrequency 
signal. This result is due to the adoption of a particular circuit configuration of 
hybrids that enables to obtain, or to use, only one of the two side bands of the 
RF signal. For this reasons, the converters of the second type are called "unique 
15 side band", or even Image rejection or suppression ones. The converters of the 
second type can also be implemented using sub-harmonic mixers, in this case 
the advantages of the converters of the first and second type are combined. 
Said advantages mainly derive from the use of a local oscillator frequency 
halved compared to that of conventional converters and at the same time, from 
20 the lack of the image filter. The scope of the present invention is an image 
rejection sub-harmonic converter realized in microstrip, and therefore having all 
the above mentioned advantages 

An example of this is already known and is described in the European 
patent No. 322612 under the name of the same applicant, titled "Microwave 
25 image suppression harmonic frequency converter." 

The mentioned converter is realized in microstrip and includes two 
identical harmonic balanced mixers, each one consisting of a pair of Schottky 
diodes connected in antiparallel. a first directional coupler in quadrature at 
radiofrequency, a second directional coupler in quadrature at intermediate 
30 frequency, two appropriate duplexer filters, two low-pass filters, two fitting 
circuits and two uncoupling circuits. The first directional coupler in quadrature at 
radiofrequency being of the tandem type, with half-open stnjcture and forming 
part of a new circuit structure whose purpose is to overcome the implementation 
complexity of a traditional coupler of the Lange type, used in a previous 
35 invention, in the ranges 15. 18 and 23 GHz, The stmcture indicated does not 
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require a third coupler, generally used to couple the local oscillator OL signal to 
the mixers. The layout of the mentioned converter is particularly optimized for 
the ranges indicated, where the advantages of its use are considerable, 
however for lower use ranges, such as for instance those employed in the 

5 mobile GSM (Global System Mobile) and DCS (Digital Cellular System) systems. 
900 and 1800 MHz, respectively, the Lange coupler hybrids do not show 
realization difficulties such to justify the invention described above. In this case 
the relevant layout could result too large due to the complexity of the filters and 
the large size the half-open structure tandem coupler would have. 

10 OBJECT OF THE INVENTION 

Object of the present invention is to overcome the above mentioned 
' drawbacks and to indicate an image rejection sub-harmonic frequency converter 
whose layout in microstrip results of small size and simple to realize in the 
frequency ranges used in the mobile communication GSM and DCS, 

15 advantages obtained through a new combination of means employing traditional 
hybrids rather than inventive hybrids as in the mentioned background art. and 
filtering structures reduced to simple stubs or to filters made at concentrated 
parameters. For description sake, but without departing from the scope of the 
invention, reference is made hereinafter only to the circuit employing stubs in 

20 X/4. 

SUMMARY OF THE INVENTION 
The above object is solved by the combination of features of the main 
claim regarding an image rejection sub-harmonic frequency converter, microstrip 
realized, particulariy for use in mobile communication systems, characterized in 
25 that it includes: 

a) a first double side band frequency sub-harmonic mixer consisting of 
antiparallel diodes placed between a first and a second filtering structure 
connected to relevant microstrips connecting at one end of said diodes a first 
port, reached by a local oscillator signal OL. and at the other end a second 

30 port for a radiofrequency signal RF; said mixer including also a third port for a 
signal at intermediate frequency IF, connected to one end of said diodes in 
antiparallel through a low-pass filter that allows said signal at intermediate 
frequency IF to pass and blocking said OL and RF signals; 

b) a second frequency mixer identical to said first mixer; 

35 c) a first 3 dB, 0** directional coupling circuit at local oscillator frequency, 
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coupling said OL signal to said first ports of said frequency mixers; 
d) a second 3 dB. 90** directional coupling circuit at radiofrequency. Lange 
coupler type, or equivalent coupling said signal RF to said second ports of 
said frequency mixers; 
5 e) a third 3 dB, 90** directional coupling circuit at intermediate frequency 
coupling said signal IF to said third ports of said frequency mixers. 

In some known applications, it was noticed that the stnjcture of directional 
couplers, called also hybrids, differ from that of the present invention due to the 
fact that the hybrid at local oscillator frequency is 3 dB. 45° and the 
10 radiofrequency hybrid is at 3 dB, 0°; in such a way the total phase shifting at 
2fot frequency is 90°, as it must be to define the correct phase relation enabling 
to sum in counterphase the image band. This solution shows a naaower 
rejection band versus the structure of hybrids according to the invention since, 
while the realization of broad band 3dB, 0° and 3 dB. 90 is rather simple, that 
15 of a 3 dB, 45 hybrid is not so simple. 

In the mobile communication field the converter structure just described 
enables to obtain the following system advantages, compared to the present 
use of the traditional converters: 

• minimum occupation of the substrate at use frequencies, if the frequency is 
20 high, it is convenient to realize the structure with stubs. othenA/ise it is 

convenient for space requirements, to realize the filtering structures through 
concentrated parameters (L and C) 

• absence, or about, of residual interferent components at the frequency 2foL in 
the radiofrequency signal RF, and easy filtering of the local oscillator 

25 component at foLi 

• best rejection of the image band and easy filtering of a possible residue; 

• when 4 diodes are used in antiparallel configuration by pairs, the linearity of 
the device implemented improves. 

• higher accuracy in the execution of the frequency hopping: it is useful to 
30 point out that the frequency hopping is a planned frequency jump of the 

carrier assigned to a generic radio channel, made at each time slot, to 
prevent on a statistical basis the dangerous effects due to quick fadings of 
the radio signal caused by multiple paths (Rayleigh fading), or by other 
interference causes. The higher accuracy derives from the fact that, 
35 compared to a traditional converter, it is necessary one half of the total 
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phase variation, at equal At. to obtain the same frequency jump Af. This 
involves the possibility to use a higher linearity area of the voltage/frequency 
transfer feature of the voltage controlled oscillator, or VCO, physically 
implementing the frequency hopping or, alternatively, the possibility to use 
VCOs having less stringent characteristics of linearity, tuning interval and 
bandwidth. 

• simplification in the introduction of the operation method called "Dual Mode" 
through which a same terminal equipment can switch its operation from a 
GSM 900 MHz type network to one of the DCS 1800 MHz type. In fact, it is 
possible to use one sole local oscillator at frequency (900 + fn) MHz to supply 
two converters, out of which the first of the traditional type (the one for the 
GSM), and the second one of the sub-harmonic type (that for DCS 1800 
MHz). 

Concerning this last advantage, it is possible to configure another object 
of the invention consisting of a mobile terminal equipment with the possibility to 
switch its own operation from a first mobile system to a second mobile system 
operating in an higher area of the radiofrequency spectrum, and vice versa, 
charazterized in that it includes one sole local oscillator and switching means 
of the local oscillator signal towards a traditional frequency converter included in 
a radio chain belonging to said first mobile system, or towards an image 
rejection sub-harmonic frequency converter included in a radio chain belonging 
to said second mobile system, as described in claim 6, 

From the description of the invention given up to now it can be noticed 
that it is sufficient to suppress the 3 dB. 90° directional coupler at intermediate 
frequency, and replace in each mixer the low filter allowing signal at 
intermediate frequency IF to pass by a low-pass filter coupled to the 
transmission pulse, because the remaining structure of the converter is suitable 
to be used also as sub-harmonic mo-demodulator of the orthogonal type (I. Q). 
able to convert the signal in base band directly to radiofrequency. and vice 
versa. 

Therefore a further object of the invention is an orthogonal sub-harmonic 
mo-demodulator, as described in claim 8. which could find application in future 
implementations of mobile systems. 

BRIEF DESCRIPTION OF DRAWINGS 
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The invention, together with further objects and advantages thereof, may 
be understood with reference to the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

- figure 1 shows a block diagram of the image rejection sub-harmonic 
5 converter, object of the present invention; 

- fig. 2 is a block diagram showing the functional detail of two identical 
frequency mixers identified M1X1 and MIX2 in fig. 1; 

- fig. 3 shows a circuit realization of the mixers MIX1 and M1X2 of fig. 2; 

- figures 4 and 5 show two equivalent circuit seen from the ports P1 and P2 
10 respectively of mixers of fig. 3. 

DETAILED DESCRIPTION 
Making reference to fig. 1 it can be noticed a frequency converter 
consisting of the following functional blocks: 

a) a first 3 dB, 0** broad band directional coupler HYB-OL at the frequency foL of 
15 a local oscillator signal OL entering from a relevant port Pol; 

b) a second broad band directional coupler HYB-RF at 3 dB. 90^ at the 
frequency OF band centre fpF of a radiofrequency signal RF entering or 
coming out from a relevant port Prf; 

c) a third broad band directional coupler HYB-IF at 3 dB, 90° at intermediate 
20 frequency f^, duly detennined. of a signal at intermediate frequency IF-BLS. 

or IF-BLI. entering or coming out from a relevant port Pifs. o Pifi; and 

d) two identical frequency sub-harmonic mixers MIX1 and MIX2. 

The directional couplers are of the known type, realized in microstrip or at 
concentrated parameters, the second coupler is of the Lange type and its 

25 operation is similar to that of the third one, that is such for which a signal present 
at a generic port is found at the two opposite ports as pair of half power signals, 
reciprocally phase shifted by 90**; no signal is present at the port adjacent to the 
signal application one, The operation of the first one differs from the previous 
one due to the fact that signals present at the two opposite ports are in phase. 

30 As for the global operation, the OL signal enter the HYB-OL block and is 

here subdivided into two identical output signals sent to a relevant port P1 of the 
mixers MIX1 and MIX2. The double side band RF signal, assumed to enter the 
block HYB-RF. is equally shared in power over the two outputs of the coupler 
originating two radiofrequency signals, 90° phase shifted between them, 

35 allowed to reach a relevant port P2 of mixers MIX1 and M1X2. The port of HYB- 
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RF placed on the same side of the port Prf is closed on a termination TERM 
connected to earth. At a last port P3 of mixers MIX1 and MIX2. in the previous 
assumptions, a relevant beating signal comes out between RF and the second 
harmonic of the sinusoidal signal OL. The beating signals at intentiediate 

5 frequency, identified IF and IF', reach relevant ports adjacent to the directional 
coupler HYB-IF. At the other two ports of HYB-IF. due to the phase clearance at 
the frequency of the two side bands, the signals IF-BLS and IF-BLS are 
separately present, generated by the conversion at intermediate frequency of 
the upper and lower band respectively of the IF signal. On the other hand. 

10 considering the use of the converter in transmission, the operation results dual 
compared to the one just described. More in particular, the signal at intermediate 
frequency to be transmitted (one single side band) shall be allowed to reach a 
single port at choice, for instance Prs. of the directional coupler HYB-IF, the 
other port shall be closed on a termination. As a consequence of the phase 

15 clearance mentioned above, a single upper side band transmission RF signal 
will come out from the radiofrequency Prf port of the HYB-RF coupler. On the 
contrary, selecting Pifi, the band transmitted shall be the lower one. 

Making reference to fig, 2, in which the same elements of fig. 1 are 
indicated with the same symbols, it can be noticed that mixers MIX1 and MIX2 

20 include the following: 

• a band pass filter OL-PBAND at the frequency foL of the signal of local 
oscillator OL having a virtual shortcircuit for the radiofrequency signal RF OL 
on the diodes side; 

• a band pass filter RF-PBAND at the frequency fpF of the radiofrequency 
25 signal RF having a virtual shortcircuit for the local oscillator signal OL on the 

diodes side; 

• a low-pass filter IF-PBAS at the frequency fiF of the signal at intermediate 
frequency IF; 

• a pair of diodes D1. D2 connected in antiparallel. supplied as unique 
30 integrated component. 

The OL-PBAND filter is placed between port P1 and one end of the pair of 
diodes D1. D2 and allows the OL signal to pass while blocking the RF and IF 
signals. The RF-PBAND filter is placed between the port P2 and the other end 
of the pair of diodes D1 , D2 and allows the RF signal to pass while blocking the 
35 OL and IF signals. The filter IF-PBAS is placed between the port P3 and the end 
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of the pair of diodes D1. D2 to which also the RF-PBAND filter is connected, but 
it can also be connected to the other end as well allowing the IF signal to pass 
while blocking the OL and RF signals. The purpose of these filters is to enable 
the correct operation of the relevant mixers keeping separate the signals at the 

5 three ports P1, P2 and P3. The band pass features of the OL-PBAND and 
RF-PBAND filters must be such to considerably attenuate the signals in dark 
band. Concerning the sub-harmonic conversion operated by the pair of diodes 
D1 and D2. reference shall be made to what said in the introduction, considering 
that for a better "linearity" in the converter signal it is useful to replace the pair of 

10 diodes by an integrated one including four diodes in quad configuration, in 
practice each diode shall be replaced by two diodes in series. 

The circuit implementation of the functional diagram of fig. 2 is shown in 
fig. 3 through a mixed representation, partly in microstrip and partly in blocks. 
The dimensions of the circuit elements shown in the figure, as well as the 

15 respective distances, do not exactly correspond to the actual ones, since the 
figure is given only for illustration purposes. 

Making reference to fig. 3, in which the same elements of the previous 
figures are indicated with the same symbols, we can notice two pairs of stubs in 
microstrip. identified STUB1. STUBV respectively those of the first pair placed 

20 dose to port P1, and STUB2. STUB2' those of the second pair placed closed to 
port P2, More in particular, the stubs of the first pair branch in perpendicular 
direction and in opposed directions from a microstrip L1 connecting the port PI 
to an end of the pair of diodes; likewise, the stubs of the second pair branch in 
perpendicular direction and in opposed direction from a microstrip L2 connecting 

25 the port P2 to the other end of the pair of diodes. A third microstrip L3 branches 
from line L2, between the second pair of stubs and the pair of diodes, reaching 
a port of the IF-PBAS filter, microstrip realized through coupled lines in case of 
high IF, on the contrary in case of low IF it is convenient to realize also this filter 
at concentrated parameters, the other port of the IF-PBAS filter is connected to 

30 port P3 through a microstrip L4. As already said before, the microstrip L3 could 
alternatively branch from the line L1. The stubs STUB1. STUBI'. STUB2 and 
STUB2\ are sections of line X/4 long, where X is the wavelength of a sinusoidal 
signal at the frequency foL of local oscillator. The free end of STUB1 and 
STUB1' is connected to earth, while the free end of STUB2 and STUB2' is open. 

35 As for the operation, the selection of two double stubs, in place of single 
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ones, enables to obtain a higher band >Aridth in the conversion. Furthermore, as 
it is known, the stubs in 7J4 act as impedance transformers in a whole 
surrounding band, at the frequency for which they assume that length, that is 
around fot- In particular a shortcircuit is reported as open short circuit in the stub 
5 insertion point, vice versa, an open circuit is reported as a shortcircuit. 
Consequently, conceming the OL signal, the first pair STUB1. STUB1' behaves 
as a high impedance, while the second pair STUB2. STUB2' as a shortcircuit. 
Fig. 4 shows the equivalent circuit of mixers MIX1, MIX2 seen at port PI of local 
oscillator Let's now consider the behaviour of the stubs for the radiofrequency 

10 signal RF. Recalling what said in the introduction on the relations among the 
different frequencies in a sub-harmonic converter , it can be noticed that the 
stubs of the pairs have length X/2 approx. at the band centre frequency fpF of the 
RF signal. As it is known, the stubs having this length do not transform the 
impedance, but only change the relevant sign. Therefore, the RF signal sees a 

15 high impedance in the insertion point of the second pair of stubs, and a 
shortcircuit in thie insertion point of the first pair. The equivalent circuit of mixers 
MIX1, MIX2 seen at port P2 of the RF signal is the one shown in fig. 5, where 
diodes are represented by two relevant resistances variable in parallel, 
connected between the port P2 and the earth. Thanks to the presence of the 

20 two pairs of stubs, the length of microstrips LI and L2 is negligible. 

Without departing from the scope of the invention, it is possible to 
implement the stubs in 7J4 STUB1. STUBV and STUB2. STUB2' with 
alternative structures, known to those skilled in the art. such as for instance the 
so-called "butterfly stubs". 

25 For a better clarification, in the case of mobile GSM 900 MHz the values 

of the frequencies concerning the converter scope of the present invention are 
the following: 

fLo = 417,5 MHz. fiF = 45 MHz, fpF = 880 MHz and bandwidth 35 MHz; 
while in the case of DCS 1800 MHz frequency values are the following: 

30 fto = 832.5 MHz, fiF = 45 MHz. fpF =1710 MHz and bandwidth 75 MHz. 

We shall now return to what said about the possibility of an application of 
the converter scope of the present invention in cellular telephone sets, of the 
terminal type, operating in "Dual Mode". It is evident that the condition to satisfy 
in order that this can be made at low cost is that the two mobile systems have 

35 frequency bands allocated in areas of the spectrum with distance approximately 
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double of the origin of the frequencies. This requirement is directly due to the 
characteristic operation of .the harmonic converter. Afterwards, with a single 
local oscillator it is possible to pump either the mixer of the traditional converter 
belonging to the radio chain of the GSM 900 MHz, or that of the sub-harmonic 

5 converter belonging to the radio chain of the combined system, thus saving 
supply power compared to the systems employing two different local oscillators, 
and extending the duration of the battery charge. To allow said use of a sole 
local oscillator to become operational, means are required switching the local 
oscillator signal from a converter to the other one. The above mentioned means 

10 could avail of the usual setting from keyboard with monitoring of the operative 
condition on the display of the portable set and include also a switch of the OL 
signal, software controlled, actually performing the switching. Notice that it is not 
required a perfectly double distance between the frequency bands of the two 
systems, it is sufficient that one half of the distance between the second 

15 harmonic 2foL and the fnf ± fiF frequency of the mobile system adopting the 
higher frequencies falls into the tuning interval of the VCO acting as local 
oscillator, whenever this way is selected. However, it is preferred for system 
reasons, to adopt a fixed frequency local oscillator and consider an intermediate 
frequency of the second mobile system different from that of the previous one. 

20 Assuming this last possibility, the new system would result operative 
immediately on switching, while in the first hypothesis it should be necessary to 
set the new frequency of the VCO. It is obvious that as many types of GSM 900 
MHz mobile terminal sets operating in "Dual Mode" dual mode can exist as are 
the combinations possible with the other existing systems. The system 

25 combined to the GSM 900 MHz can be. for instance: the DCS 1800 MHz, the 
1700 MHz DECT (Digital Enhanced Cordless System), the 1900 MHz PCN 
(Personal Communication Network), etc. 

Returning to fig. 1, it is now examined the possibility to implement a sub- 
harmonic mo-demodulator of the orthogonal type (1. Q). able to convert the 

30 signal directly mo-demodulated from base band to radiofrequency, and vice 
versa. To this purpose it is sufficient to eliminate the directional coupler HYB-IF. 
and make the ports Pifs and Pm coincide with the ports P3 of mixers MIX1 and 
MIX2. In the modified stmcture the ports P3 shall respectively be concerned to 
components in phase I. and in quadrature Q, in base band corresponding to 

35 symbols coded according to a generic scheme of modulation in quadrature, 
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originated by bursts of information bits. Of course it is necessary to replace the 
IF-PBAS filter in both the mixers M1X1 and MIX2 by a low-pass filter coupled to 
the transmission pulse. In the case the modified structure is used as direct 
modulator, symbols I and Q will enter the ports P3, on the contrary in case of 

5 use as direct demodulator said components will come out. 

While particular embodiments of the present invention have been shown and 
described, it should be understood that the present invention is not limited 
thereto since other embodiments may be made by those skilled in the art without 
departing from the scope thereof. It is thus contemplated that the present 

10 invention encompasses any and all such embodiments covered by the following 
claims. 
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CLAIMS 

1. Image rejection sub-harmonic frequency converter, particularly for use 
in mobile communication systems, characterized in that it includes: 

a) a first double side band frequency sub-harmonic mixer (MIX1) consisting of 
5 diodes in antiparallel (D1, D2) placed between a first and a second filtering 

structure (STUB1. STUB2) connected to relevant microstrips (LI, L2) 
connecting at one end of said diodes a first port (P1), reached by a local 
oscillator signal OL. and at the other end a second port {P2) for a 
radiofrequency signal RF; said mixer (MIX1) including also a third port (P3) 
10 for a signal at intermediate frequency IF. connected to one end of said diodes 
in antiparallel through a third filtering structure, of the low-pass type (IF- 
PBAS). allowing said signal at intermediate frequency IF to pass and blocking 
said OL and RF signals; 

b) a second frequency mixer (MIX2) identical to said first mixer (MIX1); 

15 c) a first 3 dS directional coupling circuit, 0° at the local oscillator frequency 
(HYB-OL). coupling said OL signal to said first ports (P1) of said frequency 
mixers {MIX1, MIX2); 

d) a second directional coupling circuit 3 dB, 90*" at radiofrequency of the 
Lange coupler type, or equivalent. (HYB-RF) coupling said signal RF to said 

20 second ports (P2) of said frequency mixers (MIX1, MIX2); 

e) a third directional coupling circuit at 3 dB, 90*" at intermediate frequency 
(HYB-IF) coupling said signal IF to said third ports (P3) of said frequency 
mixers. 

2. Sub-harmonic converter according to claim 1, characterized in that said 
25 first and second filtering structure consist of a first and a second stub (STUB1, 

STUB2) structured in such a way that the first stub (STUB1) is shortcircuited to 
earth at a free end and has length equal to \IA at the frequency of said signal 
OL. while the second stub (STUB2) is open at a free end and has length W4 at 
the frequency of said signal OL; 
30 3. Sub-harmonic converter according to claims 1 and 2, characterized in 

that said first and second filtering structure consist of circuits at concentrated 
parameters (L and C) adapted to perform the same transfer function of said first 
and second stub. 

4. Sub-harmonic converter according to claim 2. characterized in that said 
35 stubs (STUB1. STUB2) are double and branch in perpendicular direction and in 
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opposed directions from relevant said microstrips (L1 . L2), thus increasing the 
bandwith of said frequency mixers (MIX1 , MIX2). 

5. Sub-harmonic converter according to claim 1. characterized in that 
said diodes in antiparallel (D1. D2) consist of pairs of diodes in series placed in 

5 antiparallel. 

6. Mobile terminal set with possibility to switch its operation from a first 
mobile system to a second mobile system operating in an higher area of the, 
radiofrequency spectrum, and vice versa, charazterized in that It includes one 
single local oscillator and switching means of the local oscillator signal towards a 

10 traditional frequency converter included in a radio chain belonging to said first 
mobile system, or towards an image rejection sub-harmonic frequency converter 
included in a radio chain belonging to said second mobile system. 

7. Mobile terminal set according to claim 6. characterized in that said 
image rejection sub-harmonic frequency converter includes: 

15 a) a first double side band frequency sub-harmonic mixer (MIX1) consisting of 
diodes in antiparallel (D1, D2) placed between a first and a second filtering 
stmcture (STUB1, STUB2) connected to relevant microstrips (L1. 12) 
connecting at one end of said diodes a first port (PI), reached by a local 
oscillator signal OL, and at the other end a second port (P2) for a 

20 radiofrequency signal RF; said mixer (M1X1) including also' a third port (P3) 
for a signal at intermediate frequency IF. connected to one end of said diodes 
in antiparallel through a third filtering structure, of the low-pass type (IF- 
PBAS). allowing said signal at intemnediate frequency IF to pass and blocking 
said OL and RF signals; 

25 b) a second frequency mixer {MIX2) identical to said first mixer (MIX1); 

c) a first directional coupling circuit at 3 dB. 0** at local oscillator frequency 
(HYB-OL), coupling said signal of OL to said first ports (PI) of said frequency 
mixers (MIX1. MIX2); 

d) a second 3 dB, 90° directional coupling circuit at radiofrequency . Lange 
30 coupler type, or equivalent. (HYB-RF) coupling said signal RF to said second 

ports (P2) of said frequency mixers (MIX1 , MIX2); 

e) a third directional coupling circuit at 3 dB. 90* at intermediate frequency 
(HYB-IF) coupling said signal IF to said third ports (P3) of said frequency 
mixers. 

35 8. Orthogonal sub-harmonic mo-demodulator, microstrip realized. 
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characterized in that it includes: 

a) a first double side band frequency sub-harmonic mixer (MIX1) made of 
diodes in antiparallei (D1. D2) placed between a first and a second filtering 
structure connected to relevant microstrips (L1. L2) connecting at one end of 

5 said diodes a first port (PI), reached by a local oscillator signal OL. and at 
the other end a second port (P2) for a radiofrequency signal RF; said mixer 
(MIX1) including also a third port (P3) for a component in phase, or in 
quadrature, of a symbol in base band, connected to one end of said diodes in 
antiparallei though a third filtering structure, of the low pass type (IF-PBAS). 
10 coupled to the transmission pulse, blocking said OL and RF; 

b) a second frequency mixer {MIX2) identical to said first mixer (MIX1). whose 
said third port being available for a said component in quadrature, or in 
phase, of a symbol in base band; 

c) a first 3 dB, 0** directional coupling circuit at the frequency of local oscillator 
15 (HYB-OL), coupling said signal of OL to said first ports (P1) of said frequency 

mixers (MIX1, MIX2); 

d) a second 3 dB, 90"* directional coupling circuit at radiofrequency Lange 
coupler type, or equivalent, (HYB-RF) coupling said signal RF to said second 
ports (P2) of said frequency mixers (MIX1. MIX2); 

20 9, Sub-harmonic mo-demodulator according to claim 8. characterized in 

that said first and second filtering structure consists of a first and a second stub 
(STUB1, STUB2) stnjctured in such a way that the first stub (STUB1) is 
shortcircuited to earth at a free end and has length equal to X/4 at the frequency 
of said signal OL; while the second stub (STUB2) is open at a free end and has 

25 length X/4 at the frequency of said signal OL; 

10. Sub-harmonic mo-demodulator according to claim 9, characterized in 
that said stubs (STUB1, STUB2) are double and branch in perpendicular 
direction and in opposed directions from the said relevant microstrips (L1, L2), 
thus increasing the bandwidth of said frequency mixers (MIX1, MIX2). 

30 11. Sub-harmonic mo-demodulator according to claims 8 and 9, 

characterized in that said first and second filtering structure consist of 
concentrated parameter circuits (L and C) adapted to realize the same transfer 
function of said first and second stub. 

12. Sub-harmonic mo-demodulator according to claim 8, characterized 

35 in that said diodes in antiparallei (D1, D2) consist of pairs of diodes in series 
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placed in antiparallel. 
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